, direct baled after mowing in the afternoon (PM/LO and PM/HI) or morning (AM/LO and AM/HI), wrapped with plastic fi lm, and conserved as baleage. The four baleage treatments were evaluated by steers for dry matter intake (DMI), digestibility, and N retention. Neither harvest time nor N rate altered DMI (mean = 1.87 kg 100 -1 kg body weight). Digestion was similar between PM and AM baleage but greater (P = 0.05) for HI vs. ) as was cellulose digestion (P = 0.02; 656 vs. 617 g kg -1 ). The digestion of crude protein was greater (P = 0.01) in the AM vs. PM baleage (519 vs. 443 g kg -1 ) and greater (P = 0.02) in HI vs. ). Fermentations differed (P < 0.01) between PM and AM baleage, as pH averaged 5.4 and 4.5, respectively. Greatest (P < 0.01) amounts of alcohols and least fatty acids occurred in PM baleage and N rate reduced (P < 0.01) alcohols but increased fatty acids. Total nonstructural carbohydrates (TNC) prebaling was 120 g kg -1 in the PM and 97 g kg -1 in the AM, but baleage averaged <38 g kg -1 and explains the lack of steer response to the PM harvest. Gamagrass preserved well as baleage and was readily consumed, but the TNC fraction was not preserved.
the PM is an easily adaptable management tool for producers, with minimal shift in cost.
The apparent advantageous harvest of hays in the PM comes, however, with two issues. First, the productivity of grasses in the humid South is predicated on acceptable soil N status. Consequently, N application is widely practiced on warm-season grasses and is generally positively associated with forage status but negatively associated with soluble carbohydrate concentrations (Adegbola and McKell, 1966; Perry and Baltensperger, 1979) . Second is the cost of losing 1 d of drying, which can be critical for the hay-making process in the humid East. An alternative, which essentially removes weather as a factor, is to conserve forage as high-moisture, big-bale silage (baleage). Baleage is obtained by round baling directly behind the mower and subsequently wrapping each bale with plastic fi lm (Savoie and Jofriet, 2003) . Preservation in this process, through fermentation, complicates the nonstructural carbohydrate aspect, as during anaerobic fermentation carbohydrates are converted to fatty acids and alcohols, and may alter the forage's nutritive value (McDonald, 1981) and may be refl ected in animal responses. Furthermore, on ensiling, each fermentation vessel can vary in oxygen exclusion rate, resulting in diff ering fermentation characteristics even with the same substrate. Consequently, in studies involving baleage each bale is, in essence, a miniature silo and the forage preserved within (via fermentation) can differ due to ensiling management and weather during ensiling (Muck et al., 2003) . Under such conditions, Huntington and Burns (2007) found that both switchgrass and gamagrass harvested in the PM accumulated greater TNC concentrations than the AM harvest, and the PM forage retained its greater concentrations of TNC during the fermentation process (baleage) compared with AM. In addition, steers consumed more of the PM baleage, digested PM and AM baleage similarly, but had greater digestible DMI of the PM baleage. Furthermore, the use of dietary N was improved in the PM baleage and attributed, in part, to its greater TNC concentration. This response was also noted in a study with switchgrass hay in which the increase in TNC concentration from a PM vs. AM harvest was not suffi cient to alter steer response until supplemented with protein. Increased protein resulted in increased fi ber digestibility and digestible DMI (Huntington and Burns, 2008) . This same response might be achieved with gamagrass baleage if the soluble carbohydrate concentrations were suffi ciently increased to provide a readily available energy source to capture forage N as microbial N in the rumen (Johnson et al., 2001) .
Of the animal factors that regulate intake (Fisher, 2002) , several hormones, including insulin and ghrelin, have been noted as important in appetite (satiety) regulation (Druce et al., 2004) . Plasma insulin concentration, for example, has been directly related in steers to energy intake (McCracken et al., 1993; Lapierre et al., 2000) and to ruminal degradability of dietary N (Reed et al., 2007) .
Also, plasma concentrations of ghrelin refl ected shortterm (Wertz-Lutz et al., 2006) and chronic (Wertz-Lutz et al., 2008 ) changes in nutrient supply or status.
The objectives of this study were to determine (i) if N composition of gamagrass, associated with N fertilization, and elevated soluble carbohydrates associated with PM harvested forage, would alter fermentation characteristics of baleage; and (ii) if animal responses could be associated with N application, time of harvest, or both, following fermentation.
MATERIALS AND METHODS

Experimental Forage
The experimental forage was harvested from a well-established stand of 'Iuka' gamagrass grown on a fi ne, Kaolinitic, thermic Typic Kanhapludult soil at the North Carolina State University Reedy Creek Field Laboratory. The 0.81-ha fi eld was limed and fertilized with P and K according to soil test. Nitrogen, as ammonium nitrate, was applied in March as part of the treatments, with 56 kg N ha -1 applied to one half of the fi eld and 168 kg N ha -1 to the other half. At heads emerging, half of each area previously top-dressed with either 56 or 168 kg N ha -1 was cut beginning at 1800 h (PM harvest) on 25 May with a mower-conditioner set to leave a 15-cm stubble. Within 10 min after cutting, the windrow was direct-baled with a large round baler fi t to deliver plastic netting when the bale reached 122 cm in diameter. The bales were immediately transported to the Metabolism Unit, wrapped with four layers of white plastic, numbered, and the baleage stored outside. The following morning, after an overnight shower equivalent to a heavy dew, the remainder of the area was cut beginning at 0600 h (AM harvest) and the above process repeated. All bales remained where initially placed, resulting in four baleage treatments: (i) PM baleage plus 56 kg N ha -1 (PM/LO), (ii) PM baleage plus 168 kg N ha -1 (PM/HI), (iii) AM baleage plus 56 kg N ha -1 (AM/ LO), and (iv) AM baleage plus 168 kg N ha -1 (AM/HI). A second adjacent fi eld of Iuka gamagrass was harvested on the same day on a similar PM (cut 1420 h) and AM (cut 0800 h) schedule and direct-baled and wrapped. This provided adequate baleage for adaptation periods in which steers were shifted from an all-hay diet to an all-silage diet in preparation for the subsequent animal trial. Further, this adaptation baleage was fed between Periods 1 and 2.
Forage Sampling
To assess diurnal shifts in the soluble carbohydrate status of gamagrass, canopy samples from random quadrats 15 cm in diameter were cut to a 7-cm stubble with an electric clipper the week before the experimental harvests. Samples were cut at 1400 and 1800 h and the following morning at 0600 and 1000 h. These whole-canopy samples were transported to the Metabolism Unit and placed in a freezer (−25°C) and later separated into leaf, stem (including sheath), and dead tissue, and returned to the freezer until freeze-dried.
Baleage Handling
All bales were fermented and remained undisturbed for at least 100 d before opening. Each bale, given a unique number at ad libitum intake phase because they were expected to consume more PM than AM baleage. Because of limited baleage supply, one steer on PM/LO and two steers on the AM/LO did not complete the N balance trial.
During the experiment a daily sample of feed off ered was obtained and composited weekly, by bale. Two subsamples were taken and frozen (−14°C). One was further freeze-dried for nutritive value analysis and the other remained frozen for subsequent alcohol and fatty acid analyses. The orts were weighed daily, a 5% sample obtained, and composited by week for each animal. The "as fed" and ort samples were freeze-dried, ground in a Wiley mill (Thomas Scientifi c, Swedesboro, NJ) to pass a 1-mm screen, and stored in a freezer (−14°C) for analysis. In the digestion phase, total feces were collected on a plastic sheet placed on the fl oor immediately in back of each stall. Feces were removed periodically throughout the day and the daily total weighed for each of fi ve consecutive days. The feces were thoroughly mixed daily and 5% of the fresh weight place in a freezer (−14°C). At the end of the 5-d collection, the composite frozen samples were oven-dried (55°C), weighed for dry matter (DM) determination, ground in a Wiley mill to pass a 1-mm screen, thoroughly mixed, subsampled, and stored at room temperature until analyzed. Total urine was collected each of the 5 d for N balance determination as described by Matthews et al. (2005) , except 6 M acetic acid was used to maintain urine pH below 6.0.
Blood Samples
Steers were fi tted with jugular catheters on Day 15 of the ad libitum intake phase to measure circulating hormone levels. On Days 16 and 17, blood was sampled every 30 min between 0800 and 0900 h and every 15 min beginning at 0900 h before the AM (1000 h) feeding until 1200 h. The same pattern was followed for the afternoon (1420 h) feeding, with blood samples taken every 30 min between 1200 and 1430 h, then every 15 min from 1500 to 1530 h. Samples were collected in duplicate 4-mL tubes with EDTA as the anticoagulant. The tubes were centrifuged, plasma transferred to storage tubes, and frozen (−21°C) until analyzed.
Laboratory Analysis
Plant and Fecal Samples
All unfermented forage samples, baleage as-fed and ort samples, and fecal samples were scanned in a Model 5000 near-infrared refl ectance spectrophotometer (NIRS) (Foss North America, Eden Prairie, ND). The H statistic (0.6) was used to identify samples with diff erent spectra, which were subsequently analyzed by wet chemistry, added to existing libraries, and used to develop NIRS calibration equations to predict the concentrations of various estimates of nutritive value (Table 1 ). All unfermented forage plant separation samples (n = 32) were used as the initial base population and were analyzed for the development of prediction equations. Of the 117 as-fed and ort baleage samples, 19 were selected for the neutral detergent fi ber (NDF) and constituent fi ber fraction and total N analysis and 48 were selected for carbohydrate analysis. All fecal samples (n = 13) were analyzed.
Fiber fractions, NDF, acid detergent fi ber (ADF), cellulose (CELL), acid detergent lignin, and acid insoluble ash were determined according to Van Soest et al. (1991) in a batch processor (Ankom Technology Corp., Fairport, NY). Crude protein (CP) was calculated as 6.25 times the N concentration as determined harvest, was sampled individually throughout the experiment. During the experiment gamagrass bales were split manually with a hay saw. One half of the bale was placed in a single-bale, multiblade PTO-driven tub grinder with three-point hitch (Tomahawk Model 5050, Teagle Machinery Ltd., Cornwall, UK) and ground, placed in large plastic bags, and stored in a freezer until fed. The remaining half of the bale was rewrapped tightly in plastic and left at the storage site until freezer space was available (2.6 d; SD = 1.3 d). Bags were taken out of the freezer to thaw a day in advance of feeding. The dates on which each bale was opened, ground, and fed were recorded.
Animal Evaluation
Intake, Digestion, and Nitrogen Balance
Eight Angus steers (initial weight 302 ± 73 kg) from the university beef herd served as the experimental animals. The design was a crossover (two periods) with a 2 × 2 factorial arrangement of four treatments. The steers were halter broke, familiarized with the handling facilities, and acclimated to working closely with people. The steers were housed in the Metabolism Unit with 14 h of light and 10 h of darkness. They were held in individual tiestalls (114.9 × 177.8 cm) with feeders for the entire experiment, with free access to water and off ered 50 g of loose mineral mix daily before the AM feeding. Handling and care of the steers were approved by the North Carolina State Univ. Animal Care and Use Committee (IACUC no. 04-043-A). Steers were initially shifted from a hay diet, fed while adapting to the facility and human contact, to a silage diet using comparable gamagrass baleage for a 21-d adaptation period. During adaptation, steers assigned (random) to PM or AM treatments in the subsequent experiment were fed the corresponding PM or AM baleage harvested for adaptation purposes. Further, between Periods 1 and 2 (crossover), steers were fed as appropriate either PM or AM adaptation baleage for 8 d before initiating the Period 2 experimental phase. Each experimental period lasted 40 d and consisted of (i) 14-d adjustment to diets; (ii) 17-d ad libitum intake phase, consisting of 3-d adjustment and a 14-d experimental period; and (iii) 9-d digestion and N balance phase, consisting of a 4-d adjustment to a calculated intake level (described below) and urine collection apparatus and ending in a 5-d digestion and N balance trial. Steers were weighed at the beginning of the ad libitum intake phase, and before and after the digestion phase, and were allowed to exercise regularly three times per week for 1 to 2 h d -1
. Following Period 1, and at the onset of Period 2, the steers had an 8-d adaptation to their new diets and on Day 9 they started their ad libitum intake phase. The crossover occurred between the AM and PM hays, with no change in N fertilization level for a given steer.
During Period 1 of the 17-d intake phase, steers were fed 110% ad libitum based on the previous days' intake. In the following 9-d digestion phase, steers were off ered a constant amount of baleage based on their individual previous average 14-d ad libitum intake. To minimize intake diff erences among treatments during the digestion and N balance phase, steers crossing over from PM to AM treatments in Period 2 were fed 105% of their average intake during the ad libitum intake phase. This adjustment was based on the expectation that steers would consume less AM than PM baleage. Steers crossing over from AM to PM baleage received 110% of their average intake during the with an autoanalyzer (AOAC, 1990) . Total nonstructural carbohydrates and constituent starch, monosaccharides, and disaccharides plus polysaccharides were determined according to , and DM according to AOAC (1990) .
Plant N fractions, fatty acids, and alcohols were determined in the laboratory and were not NIRS predicted. Plant N fractions A (nonprotein N), B 1 (true soluble protein), B 2 (neutral detergent soluble protein), B 3 (insoluble in neutral detergent but soluble in acid detergent), and C (acid detergent insoluble protein) were determined in duplicate as described by Licitra et al. (1996) . The fatty acids (acetate, propionate, butyrate, isobutyrate, and lactate) and alcohols (methanol, ethanol, butanol, and isopropanol) were determined by gas-liquid chromatography (Varian Model 3800, Chromatograph Systems, Walnut Creek, CA). Aqueous extracts of duplicate 15-g samples of frozen baleage were blended with 100 mL of deionized water for 30 s. The extract was refrigerated overnight, fi ltered through cheesecloth the following day, mixed well, and fi ltered through Whatman No. 1 fi lter paper (Whatman International Ltd., Maidstone, UK). For analysis of alcohols and short-chain fatty acids, a 5-mL aliquot was mixed with 1 mL of 25% (w/v) metaphosphoric acid, allowed to stand for 30 min, vortexed, centrifuged, and the clear supernatant used in analysis. Duplicate injections, containing valerate as an internal standard, were injected onto a Nukol (Supelco Inc., Supelco Park, Bellefonte, PA) fused-silica capillary column (30 m by 0.25 mm) that was temperature programmed (initial = 40°C; fi nal = 180°C; injector and detector = 240°C). Lactic acid analysis was determined on a nonacidifi ed extract (Supelco, 1990) with pivalic acid as the internal standard. The glass column (1.9 m by 6.4 mm) was packed with Supelco 4% (w/w) Carbowax 20M with a 203/305-μm (80/120-mesh) Carbopack B-DA (Supelco, Bellefonte, PA) and maintained at constant temperature (oven = 175°C; injector = 200°C; detector = 225°C).
Fluid Analysis
Urine and blood plasma were analyzed for urea N using the diacetyl monoxime method of Marsh et al. (1957) adapted to a Technicon Auto Analyzer (Technicon Instrument Corp., Tarrytown, NY). Urine was also analyzed for total N by autoanalyzer (AOAC, 1990) . Plasma glucose was analyzed by autoanalyzer using a glucose oxidase enzymatic method (Method no. G-142-95 Rev. 1, Bran+Luebbe, Norderstedt, Germany).
Plasma hormone (ghrelin and insulin) concentrations were determined in duplicate by radioimmunoassay (RIA). Ghrelin was determined using a commercial RIA kit (Linco Research, St. Charles, MO) specifi c for the biologically active form of ghrelin (octanoyl group on serine 3) and insulin determined using a Coat-A-Count kit (Diagnostic Products Corp., Los Angeles, CA). The 
Statistical Analysis
Composition data for baleage were analyzed as a crossover (two periods) design with a 2 × 2 factorial arrangement of four treatments using the PROC GLM procedure of SAS (SAS Institute, 1990) . The model accounted for N fertilization, PM and AM harvest, harvest × N fertilization, and residual sources of variation. The number of elapsed days from the harvesting of each bale until the day it is opened was included as a covariate. All intake, digestion, and blood data from the steers were analyzed using the PROC MIXED procedure of SAS (SAS Inst., Cary, NC). The initial model accounted for N fertilization, harvest, harvest × N fertilization, period, period × N fertilization, steer body weight (BW) as a covariate, and residual sources of variation. Steer within N fertilization was a random eff ect. The period by N fertilization eff ect was not signifi cant (0.20 < P < 0.99) for any dependent variable tested, and was removed from the model. Body weight was included as a covariate in analysis of variance for all intake and digestion-dependent variables, except intakes expressed as a percentage of body weight and apparent digestion coeffi cients. Nitrogen fertilization was tested by the test term "steer within N fertilization" while the remaining variables were tested against the residual.
In the case of plasma glucose and hormone concentrations, the model included sample time as a repeated measure. All differences were considered signifi cant at P ≤ 0.05. 
RESULTS AND DISCUSSION
At time of harvest the gamagrass DM consisted of 65% leaf, 22% stem (including sheath), and 13% other (dead and contamination). The leaf and stem proportions are similar to the 59 and 25% reported previously for gamagrass (Burns et al., 1992) . The baleage of all treatments was generally well preserved with minimal surface mold occurring during fermentation. At the opening of each bale, any surface mold was removed and discarded.
Forage Characteristics
Afternoon vs. Morning Infl uences
Examination of the fermentation characteristics of the baleage reveals that DM ranged between 244 and 302 g kg -1 with a signifi cant harvest time × N rate interaction (Table 2 ). This interaction is attributed to the greater DM concentration in the PM vs. AM harvest of the HI baleage. The pH ranged between 4.4 and 5.5, with the AM baleage being lowest (mean = 4.5) and PM baleage greatest (mean = 5.4). The lower pH value is consistent with previously reported gamagrass silage (pH = 4.1-4.5) ensiled in either 18.9-L (5-gal) plastic buckets at 180 to 270 g kg -1 DM (Brejda et al., 1994) or upright experimental silos ensiled at 190 to 310 g kg -1
DM , and the upper value is similar to the 5.3 average reported for baleage baled at 319 to 329 g kg -1 DM by Huntington and Burns (2007) . The pH diff erential between the PM and AM harvest is indicative of diff ering fermentation processes (Muck et al., 2003) .
The end products of fermentation, consisting primarily of alcohols and fatty acids, support that view and explain in part the diff erence in baleage pH. Total alcohols were greatest and fatty acids least in the PM baleage resulting in the higher pH, with the converse true for the AM baleage resulting in the lesser pH (Table 2) . Greater concentrations of fatty acids, especially lactate, are associated with the lesser pH reading (McDonald, 1981) . Within the alcohol fraction, ethanol and isopropanol were greater in the PM baleage and within the fatty acid fraction, propionic, butyric, and lactic acids were least.
Nonstructural carbohydrates, the major substrate for fermentation and one of the variables in this study, were characterized for diurnal shifts the week before harvest. Total nonstructural carbohydrates were found to increase in the whole plant from about 107 g kg -1 at 0600 h to about 132 g kg -1 by 1800 h (Fig. 1A) . Lesser concentrations occurred in the leaf (Fig. 1B) compared with the stem (Fig. 1C) . Predicated on these diurnal shifts, the experimental prebaleage PM forage was cut at 1800 h with TNC concentrations averaging 120 g kg -1 , and the prebaleage AM forage was cut at 0600 h averaging 97 g kg -1 (Table 3 ) and having a similar diff erence in TNC as noted in Fig.  1 . The infl uence of N application is discussed below. Following fermentation, however, baleage concentrations averaged <30 g kg -1 (Table 3 ), indicating that essentially 75% of the TNC had been converted to fermentation end products (Table 2) .
Nitrogen Rate Infl uence
The diurnal pattern of TNC accumulation in the prebaleage forage was generally similar between N rates (Fig. 1) , but the LO rate had greater concentrations (not tested statistically) of TNC and its constituent fractions compared with the HI N rate (prebaleage, Table 3 ). These TNC differences, however, appear small when expressed on a DM basis. However, increasing N application has been well documented to increase both DM yield and the total N concentration of the forage with a concomitant reduction in water-soluble carbohydrates of both cool-and warmseason grasses (Hojjati et al., 1968; Jones, 1970; Lechtenburg et al., 1972; Buxton and O'Kiely, 2003; Muck et al., 2003) . Consequently, the small increase in TNC noted (not tested statistically) for the PM prebaleage (both N - rates) is actually greater compared with the AM prebaleage samples. Nitrogen rate altered fermentation patterns. Baleage receiving the HI N rate had least total alcohols but greatest total fatty acids. This was consistent for methanol, ethanol, and isopropanol within the alcohol fraction, and for acetic and lactic acids within the fatty acids. The acetic and lactic acids responses to increased N rates were also reported by Brejda et al. (1994) . Propionic and butyric acids were least in the HI N rate, but the overall concentrations were relatively small (Table 2) . Several harvests by N rate interactions occurred but were generally associated with nonparallel trends. Total fermentation products were greatest in the AM baleage but gave a harvest × N rate interaction and attributed to the decrease in concentrations in the PM baleage receiving the HI N rate compared with an increase in the AM baleage.
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Nitrogen application increased CP concentrations of the baleage but reduced NDF and its constituent fi ber fractions except hemicellulose (HEMI) ( Table 4 ). This reduction is attributed, in part, to the dilution eff ect of increased CP, as noted above and also reported by Brejda et al. (1994) .
Among-Bale Variation
The potential for among-bale variation in the factors that alter the fermentation process and subsequent baleage characteristics within the same treatment warrants consideration. Although not the objective of this study, a composite sample of baleage from each bale used in the trial was retained separately and analyzed. This provides descriptive data to examine variation in fermentation characteristics among bales of baleage of the same treatment over time. Descriptive data presented are DM concentrations, which are known to be positively associated with pH; total fatty acids, and total alcohols, which are end products of fermentation; TNC, which are readily fermented to ensure a stable silage; and NDF, which is a measure of nutritive value (Buxton and O'Kiely, 2003; Muck et al., 2003; Savoie and Jofriet, 2003) . In this study diff erences that are noted may have resulted from conditions at either initial wrapping or may have occurred after wrapping during fermentation and storage.
Dry matter concentrations at harvest ranged from about 280 to 330 g kg -1 for the PM/HI and from about 239 to 260 g kg -1 for the AM/HI with the PM/LO and AM/LO similar and intermediate, ranging from about 250 to 295 g kg -1 (Fig. 2A) . The pH separated out clearly and consistently between the PM and AM baleage, ranging from about 5.1 to 5.7 for the former and between about 4.3 and 4.6 for the latter (Fig. 2B) . Associated with pH were the rather consistent total fatty acid concentrations ranging from about 47 to 52 g kg -1 for the AM/ LO and about 60 to 75 g kg -1 for the AM/HI. The PM baleage was consistently less, ranging from about only 20 to 30 g kg -1 regardless of N rate (Fig. 2C ). Alcohol concentrations varied more among bales than fatty acids but ranged from about 15 to 25 g kg -1 for the PM/HI baleage and about 25 to 35 g kg -1 for the PM/LO. The AM baleage was less, ranging from about 5 to 12 g kg -1 regardless of N rate (Fig. 2D) . The residual TNC ranged from 26 Figure 1 . Preliminary sampling of gamagrass, giving diurnal changes in monosaccharides (mono), disaccharides plus polysaccharides (di/poly), starch, and total nonstructural carbohydrates of (A) whole plant, (B) leaf, and (C) stem, when fertilized with low (56) and high (168) N rates (kg ha -1 ).
to 45 g kg -1 for the PM baleage and from 9 to 20 g kg -1 for the AM/HI and from about 25 to 35 g kg -1 or the AM/LO baleage (Fig. 2E) . The associated NDF of the baleage was generally variable among bales of the same treatment. The noted exception was the PM/LO treatment that ranged from about 680 to 700 g kg -1 (Fig.  2F) . These descriptive data indicate the amount of variation that may occur for the various variables among baleage bales of the same treatment. Such variation in baleage composition adds variation to subsequent animal evaluation trials and warrants an awareness and consideration in animal trials.
Animal Responses
Dry Matter Intake and Digestion
Daily DMI of baleage-fed steers did not diff er between either PM and AM harvests or between N rates (Table 5 ; mean = 1.87 kg 100 kg -1 BW). Steers also digested the PM and AM baleage similarly (mean = 521 g kg ). The infl uence of PM and AM harvest on steer DMI in this study is in disagreement with Huntington and Burns (2007) , who reported greater DMI of PM gamagrass baleage, but DM digestibilities did not diff er and is consistent with what we found in this study. Despite the greater total fermentation products in AM vs. PM baleage (Table 2) , digestible DMI (DMI multiplied by its apparent digestion coeffi cient, within steer and period) was not altered by harvest time (P = 0.54) or by N rate (P = 0.25) and is not reported. The CP intake of baleage was not altered by harvest time, but greater intake occurred from the HI than the LO N rate (0.23 vs. 0.17 kg 100 -1 kg BW). Apparent digestibility of CP was greater for the AM vs. the PM baleage (519 vs. 443 g kg -1
) and for the HI compared with the LO N rate (500 vs. 441 g kg -1
). Digestible CP intake (intake of CP multiplied by its digestion coeffi cient) was greater for the AM vs. the PM baleage (0.104 vs. 0.089 kg 100 -1 kg BW) and for the HI compared with the LO N rate (0.130 vs. 0.077 kg 100 -1 kg BW). The apparent digestibility of the baleage NDF and its constituent fi ber fractions were not altered by either harvest time or N rate ( Table 5 ). The one exception was CELL, which was digested greater at the HI N rate compared with the LO N rate (656 vs. 617 g kg -1
). Digestible intakes (intake multiplied by its apparent digestion coeffi cient) were determined and were not altered by treatments and are not reported. Although the PM baleage averaged greater than AM baleage and the LO greater than the HI N rate, in TNC (Table 3) , the diff erences were apparently insuffi cient to elicit an intake response, which explains why DMI and digestion were similar between PM and AM harvests. This is in contrast to the gamagrass baleage evaluated by Huntington and Burns (2007) where PM and AM baleage retained 41 and 28 g kg -1 , respectively, of TNC, resulting in greater steer DMI of the PM baleage. Also, the greater NDF concentrations in the PM baleage, as well as its constituent HEMI, was apparently not diff erent enough in this study to alter animal response (Table 5 ). The failure of steers to consume more DM when fed PM/HI baleage relative to PM/LO or AM baleage is contrary to previous results from PM-vs. AM-harvested switchgrass hay (Huntington and Burns, 2008) or switchgrass and gamagrass baleage (Huntington and Burns, 2007) . The potential for synchronization of ruminally fermentable carbohydrates and soluble N associated with the PM baleage at the HI N rate to provide such a response was essentially lost because of the similar extent to which TNC were converted to alcohols and fatty acids during fermentation.
Hormonal Responses
Plasma insulin concentrations increased (P < 0.01) with feeding as expected (from 8.2 ng L -1 at feeding to 12.7 ng L -1 2 h postfeeding); however, steers fed AM baleage had greater (P < 0.03) concentrations than steers fed PM baleage (11.4 vs. 9.0 ng L -1 of plasma) (Fig. 3A) . de Jong (1982) reported increased insulin concentrations in goats, in response to intravascular or intraruminal infusion of physiological concentrations of n-butyrate, which is consistent with the insulin response in our steers relative to greater concentrations of butyrate in AM vs. PM baleage (Table  2) . A diff erential response over time resulted in a harvest × sampling time interaction. The general lack of diff erence in TNC concentrations between the PM and AM baleage is associated with no harvest time eff ect, and the insulin concentration returning to premeal status as plasma glucose concentration declined in steers after feeding. Similarly, plasma insulin concentration from steers fed the HI N rate baleage increased (P ≤ 0.07) 2 to 3 h postfeeding, relative to the LO, giving a fertilizer × sampling time interaction, then declining hourly (P < 0.01; 4.1 to 3.8 ng L -1 ) toward prefeeding levels (Fig. 3B ). Plasma ghrelin concentrations were not aff ected diff erentially by any treatment but responded as normally expected, being greatest (P < 0.01) before the morning feeding, reaching a maximum level at feeding, declining postfeeding, then increasing before the afternoon feeding (Fig. 3C ). As noted above, the general lack of diff erence in baleage TNC concentrations between harvest times is associated with no harvest time eff ect. Sugino et al. (2004) has reported a greater response in ghrelin concentration, however, when sheep were fed discrete meals as opposed to ad libitum intake as was fed in this study.
Nitrogen Balance
In the N balance phase, steers consumed baleage of all treatments similarly whether expressed on a body weight (1.84 kg 100 kg -1 ) or daily (5.93 kg) basis (Table 6 ). Total N intake and fecal N concentration did not diff er between PM and AM harvest, however, and by design, increased N application resulted in greater N intake but not fecal N. Steers digested N greater from the AM-than the PMharvested baleage, and from baleage fertilized with HI vs. LO N rate (Table 6) . Nitrogen retained was similar among treatments, but total urine N, as well as urine urea and serum urea N, were greater for steers fed the HI N rate.
Crude protein concentration of the baleage was similar between PM and AM harvest, but was increased by the HI N rate (117 vs. 96 g kg -1
). Greater DM and CELL digestion of HI compared with LO N rate (Table 5) is consistent with an increase in the N pool for increased synthesis of microbial protein and in agreement with Johnson et al. (2001) when evaluating N fertilization of warm-season grasses. Within CP, the nonprotein N (fraction A) accounted for the largest proportion and was not altered by either harvest time or N rate (mean = 56.6%). The true protein fractions of decreasing ruminal degradability (B 1 , B 2 , B 3 ) responded variably to harvest time and N rate. The least fraction (B 1 ), as a proportion of CP, was greatest for the AM baleage, whereas the greatest fraction (B 2 ) interacted with harvest time and N rate, and the intermediate fraction (B 3 ) was not altered by treatments. The proportion of the CP not available for digestion (C fraction) was greatest in the PM vs. the AM baleage, and for the LO vs. the HI N rate (Table 6) and consistent with greater ADF concentrations (Table 4) .
CONCLUSIONS
Gamagrass stored well as baleage as evidenced by baleage composition and voluntary intake of steers. The management strategy of harvesting gamagrass in the PM to increase nonstructural carbohydrate concentrations to improve forage quality was not eff ective when ensiling. The TNC concentrations were not conserved well in baleage as the base amount present in AM prebaling, as well as the diff erential Table 5 . Dry matter (DM) and crude protein (CP) intakes and apparent digestibilities of DM, CP, and fi ber fractions by steers fed gamagrass baleage fertilized with low (LO; 56) and high (HI; 168) N rates (kg ha -1 ) and harvested in the afternoon (PM) and morning (AM) (DM basis). ---kg 100 -1 kg ‡ ------------------------g kg -1 --------------------- in the PM forage prebaling, were fermented in this study to fatty acids and alcohols. This conversion decreased the energy available to microbes residing within the rumen because they cannot utilize these end-products of fermentation and are not available for improved use of dietary N. Nitrogen application was, however, instrumental in increasing DM, N, and cellulose digestion of the baleage. Further, the among-bale variation in baleage DM, pH, and end-products of fermentation reported in this study warrants consideration relative to general animal responses in baleage evaluation. Table 6 . Nitrogen balance and urea N concentration of urine and serum of steers fed gamagrass baleage fertilized with low (LO; 56) and high (HI; 168) N rates (kg ha -1 ) and harvested in the afternoon (PM) and morning (AM) (dry matter basis). 
